Introduction
Childhood obesity is a recognised epidemic in most developed and developing countries (1) . The number of children who are overweight is expected to rise by 1.3 million per year and more than 300 000 become obese each year (2) . Childhood obesity rates in Greece are among the highest not only in Europe (3) , but also worldwide and are similar to those of the USA (4) . In particular, we recently reported a dramatic increase (by 52%) in the prevalence of childhood obesity in Greece (3) . Furthermore, a significant increase was observed, by approximately 30%, in the rates of overweight 8-9-year-old children of both sexes in Greece during the last decade (3, 5) . Obesity during adulthood often has its roots in childhood (6) . Therefore, understanding the determinants of childhood obesity will have broad implications for health. Factors contributing to childhood obesity that have been the focus of recent intensive study include the prenatal maternal characteristics. Observational studies suggest that childhood obesity could be associated with specific characteristics of pregnancy, such as maternal weight status, gestational weight gain (GWG), infant birth weight, smoking habits during pregnancy, maternal gestational diabetes and breast feeding (7) (8) (9) , whereas GWG has also been associated with greater offspring body mass index (BMI) into early adulthood (10) . Assessment of the Institute of Medicine (IOM) recommendations revealed that 42% of women in the USA began pregnancy in 2004-2007 when they were overweight or obese and 51.2% gained excessive weight [>50 lb (>22.68 kg)] during their pregnancy (11) . Despite the alarming rates of obesity in various countries, there is a limited number of studies providing evidence related to the effect of the gestational period and the related maternal characteristics with the offspring's weight status in preadolescence. Moreover, the consistency of this effect across time and offspring age has never been evaluated. Therefore, the present study aimed to determine the effect of GWG on the offspring's weight status at different life stages (e.g. newborn, 2 and 8 years) and to explore the consistency of this association across time (e.g. 1997-2007) and offspring age.
Materials and methods
A health survey in Greek primary schools (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) During the years 1997-2007, with the exception of 2002, 11 nationwide, school-based health surveys were performed (i.e. 85% participation rate for schools); schools that did not participate were from borderland areas, with small numbers of children. A total of 671 715 primary school pupils, aged 7-9 years old, were enrolled (51% boys and 49% girls). Socio-demographic (age, sex, city and area of school and contact information for children), anthropometric [weight (kg), height (cm)] and physical activity data were obtained from almost all children who went to the primary school in these years (87% participation rate). Measurements were performed by two trained physical education (PE) teachers in each school and were collected yearly, during the spring of each year. PE teachers followed a specific protocol taught in corresponding seminars held by the Greek General Secretariat of Sports. Following an official request to the Ministry of Education, the database was obtained by our study group aiming to test several research hypotheses.
Working sample
To test the research hypothesis, a sample of 5500 children (0.8% of the enrolled population) was randomly extracted from the database after the completion of the 1997-2007 school-based health surveys. Random extraction was performed using SPSS, version 18.0 (SPSS Inc. Chicago, IL. USA). The number of 5500 subjects was adequate to achieve statistical power greater or equal to 99% for evaluating a 0.10 (AE 0.05) change in the regression coefficients at a 5% significance level (two-sided) for the tested hypotheses. The random sampling was stratified according to the region and place of living (e.g. rural/urban), and in accordance with the National Statistical Agency, and was equally distributed during the study period (i.e. 500 mothers per year). For each child, a telephone interview with their mothers was requested by the study's investigators. Of the 5500 mothers, 192 (3.5%) did not provide full information about their children and 183 (3.3%) did not want to participate; thus, 5125 motherchild dyads that covered all geographical regions of Greece (e.g. mainland Greece and the islands) participated in the present study. All mothers were of Greek nationality. Originally, 7500 children and their families were randomly extracted from the database through stratified random sampling and contacted by our research team. From these, 5500 (73%) agreed to participate in the study. No specific information regarding the characteristics among the responders and the nonresponders group is available. However, the nonresponding rate showed no differences among the sampling strata, thus minimising any selection bias in the final sample.
Measurements
The information needed to test the research hypothesis was obtained using a standardised questionnaire, the Childhood Obesity Pregnancy Determinants (ChOPreD) questionnaire, designed and developed in collaboration with the Department of Nutrition and Dietetics of Harokopio University and the Department of Internal Medicine-Geriatrics, Sealy Centre on Aging at the University of Texas Medical Branch. The ChOPreD questionnaire was tested and internally revised by the study investigators during a pilot study, which confirmed its construct validity. Moreover, to validate the telephone interview process, 100 face-to-face interviews were conducted to check for discrepancies with the information collected through the telephone. No such discrepancies were noted in any variables measured (all P > 0.90).
The information obtained was: mother's nationality (Greek or other), parents' educational level, duration of pregnancy (in weeks), potential medical problems during pregnancy (i.e. development of diabetes, hypertension), lifestyle behaviours during pregnancy (smoking, alcohol consumption and eating habits), physical exercise during pregnancy, maternal lactation after pregnancy, and parental anthropometric data. With regard to anthropometric evaluation, mothers were asked to report their body weight at the beginning and the end of the pregnancy, as recorded in their prenatal records (e.g. ultrasound). GWG was calculated based on the difference between the mother's weight at the last and first visits. Only mothers that had Greek nationality and had full-term pregnancy (e.g. duration >37 weeks) were retained in the study. Relative GWG was calculated based on the difference between the last visit compared to the first. Each mother was categorised according to the IOM guidelines: (i) for mothers who are underweight at the start of pregnancy, adequate GWG is 12.5-18 kg; (ii) for mothers at normal weight at the start of pregnancy, adequate GWG is 11.5-16 kg; (iii) for mothers who are overweight at the start of pregnancy, adequate GWG is 7-11.5 kg; and (iv) for mothers who are obese at the start of pregnancy, adequate weight gain is 5-9 kg. Mothers who gained more or less weight than beyond these ranges were categorised as IOM excess or inadequate, respectively (12) . Moreover, children's anthropometric data, such as height and weight, at various developmental age stages (e.g. birth, 2 and 8 years) were also recorded. The data for the children were retrieved from two sources: mothers were asked to provide information that related to their child's birth weight and height, and their height and weight at the age of 2 years as they appeared in the health records for each child. The weight and height at the age of 8 was retrieved from the records of the database (measured by the investigators). BMI status of the offspring at the age of 2 and 8 years was determined based on ageand sex-specific cut-off points suggested by the International Obesity Task Force (13) . The study was approved by the Bioethics Committee of Harokopio University. Oral approval was obtained from all mothers who agreed to participate in the study and written informed consent was obtained from those participants who took part in the validation process of the study.
Statistical analysis
Continuous variables are presented as the median and quartiles (1st to 3rd) or the mean (SD). Categorical variables are presented as absolute and relative frequencies. Histograms and P-P plots were applied to evaluate the normality of the distribution of the continuous variables. To test the research hypothesis, multiple linear regression analysis, with the offspring's birth weight or BMI at the age of 2 and 8 years as the dependent outcome, was carried out with the independent variables: maternal age and GWG (Model 1) and maternal age and IOM Category (Excess) (Model 2). Normality of the residuals derived from the linear regression models was tested using the Kolmogorov test and P-P plots; homoscedacity was evaluated by fitting scatterplots of standardised residuals against predicted values. The variance inflation factor was calculated to test for colinearity of the independent variables and the Durbin-Watson criterion was applied to evaluate serial dependency of BMI. The annual effect of the association of maternal age and GWG with BMI at the age of 2 and of 8 years was studied during the entire 10-year-period using linear trend analysis. To assess the potential effect of maternal age and GWG on obesity status (e.g. overweight/obese versus normal) of the offspring, logistic regression analysis was applied and odds ratios (ORs) with their corresponding 95% confidence intervals (CIs) were calculated. Hosmer and Lemeshow's test was conducted to evaluate the model's goodness-of-fit and residual analysis was implicated using the dbeta, the leverage and Cook's distance D statistics to identify outliers and influential observations. All analyses were performed using SPSS, version 18.0 (SPSS Inc.). P ≤ 0.05 (two-sided) was considered statistically significant.
Results
The characteristics of the mothers and their offspring are presented in Table 1 Results from the multiple linear regression analysis (Table 2 ) revealed that GWG change was positively associated with the offspring's birth weight and BMI at age of 2 and 8 years (Model 1); no association was observed with maternal age, except for offspring's BMI at age 2 years. Moreover, excess weight gain according to IOM Categories (Model 2) was associated with birth weight or BMI at different life stages (i.e. at age 2 and 8 years), after adjusting for maternal age. The adjusted r 2 for Model 1 was 0.9% for newborns (F = 23.730, P < 0.001), 2.9% for infants aged 2 years (F = 24.007, P < 0.001) and 5% (F = 11.760, P < 0.001) for children aged 8 years, which indicates that the change in GWG explains a considerable and gradually higher proportion of the variance in offspring BMI level at the various ages. A similar pattern was observed for Model 2, for which the adjusted r 2 was 0.1% for newborns (F = 1.759, P < 0.172), 2% for infants aged 2 years (F = 11.038, P < 0.001) and 6% (F = 10.592, P < 0.001) for children aged 8 years. Trend analysis revealed that the effect of maternal age or GWG during pregnancy on offspring BMI status at 2 or 8 years was similar across time (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) in that no significant linear slope (trend) was revealed on the betacoefficients of the applied models (all P > 0.05).
The aforementioned analyses were also stratified by maternal body weight status at the beginning of pregnancy (i.e. underweight, normal weight, overweight and obese). It was observed that the effect of GWG on infant birth-weight was statistically significant for normal weight [0.008 (0.001), P < 0.001] and overweight mothers [0.008 (0.003), P = 0.014] per 1 kg gain, but not significant for underweight and obese mothers. The effect of GWG on BMI status at age 2 years was statistically significant for normal weight mothers at 0.056 (0.010) (P < 0.001) per 1 kg gain and for overweight mothers at 0.061 (0.026) (P = 0.020) per 1 kg gain, but not significant for underweight and obese mothers; the effect of GWG on BMI status at age 8 years was 0.079 (0.029) (P = 0.006) per 1 kg gain for underweight mothers, 0.033 (0.008) (P = 0.0005) for normal weight and 0.059 (0.020) (P = 0.003) for overweight mothers, but not significant for obese mothers.
Logistic regression analysis was conducted to assess the potential effect of maternal age and GWG on the probability of overweight and obesity of the offspring at the age of 2 and 8 years. The analysis revealed that 1 kg weight gain during pregnancy was significantly associated with a 1.054-times higher odds of the offspring being overweight (95% CI = 1.022-1.087) at the age of 2 years, a 1.036-times higher odds of the offspring being overweight (95% CI = 1.014-1.058) at the age of 8 years, as well a 1.077-times higher odds of the offspring being obese (95% CI = 1.046-1.109) at the age of 2 years and a 1.048-times higher odds of the offspring being obese (95% CI = 1.024-1.072) at the age of 8 years, after adjusting for maternal age.
Furthermore, a 10% relative increase in maternal body weight compared to weight at first visit was associated with a 42% higher likelihood of the offspring being overweight/obese at the age of 2 years (95% CI 28-59%), whereas relative GWG was not significantly associated with the offspring's obesity status at the age of 8 years. When the previous analysis was stratified by maternal obesity status at the beginning of pregnancy (i.e. underweight, normal weight, overweight and obese), we found that relative GWG was associated with an increased likelihood of having an overweight/obese offspring at the age of 2 years for underweight (OR per 10% change = 1.42; 95% CI = 1.00-1.96), normal weight (OR = 1.45; 95% CI = 1.28-1.64), as well as overweight mothers (OR = 1.79; 95% CI = 1.21-1.67), but not for obese ones (OR = 1.00; 95% CI = 0.97-1.87). No significant effect of maternal relative GWG was observed on offspring obesity status at the age of 8 years when the analysis was stratified by maternal obesity status at the beginning of pregnancy (e.g. all P > 0.05). When the analysis was focused on birth weight, relative GWG was positively associated with infant weight for normal weight mothers 
Discussion
The present study aimed to determine how GWG is related to the offspring's weight status at different life stages (e.g. newborn, 2 and 8 years) and to explore the consistency of this association across time. The results of the present study revealed that excessive GWG (expressed as an absolute scale or based on IOM recommendations) in Greek women was positively associated with the risk of obesity at all three stages of their offspring's life that were studied (e.g. newborn, infant and child), irrespective of maternal age. With respect to consistency over time, there were no changes in the effect of maternal age and GWG on the weight status of the offspring throughout the decade studied (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) .
There are many mechanisms by which a mother's increased GWG in pregnancy might confer a risk of obesity to her child, including the child's inheritance of genes that confer susceptibility to obesity, the effects of maternal increased weight on the intrauterine environment, and the maternal role in shaping the child's postnatal eating and physical activity environment. Regardless of the exact mechanisms, the presence of obesity is associated with various metabolic and vascular abnormalities in childhood. Therefore, the prevention of the offspring's obesity through modification of the mother's pre-and perinatal characteristics is of great public health importance (14) (15) (16) . It is also worth emphasising that, besides offspring weight status, a higher maternal prepregnancy BMI has been associated with higher systolic blood pressure, insulin, glucose and insulin resistance levels in adolescence, indicating an adverse cardiometabolic profile (17) . The results of the present study suggest the need for pregnant women to adhere to recommended GWG.
Epidemiological support for the hypothesis that GWG is associated with the offspring's future obesity status comes from studies showing a positive correlation between maternal BMI before pregnancy or in its early stages and the BMI of the offspring in later life (18) (19) (20) (21) (22) . For example, in a study based on reports of families who participated in the Special Supplemental Nutrition Programme for women, infants and children in Ohio (with a sample of more than 5000 children), strong and linear correlations were found between maternal BMI during the first trimester of pregnancy and the risk of developing childhood obesity until the age of 4 years (18) . This relationship was independent of a range of other factors, such as birth weight, socio-economic status and maternal smoking status during pregnancy.
Two epidemiological studies that examined the relationship between GWG and weight of the child at the age of 3 years reported that GWG is linked to a higher risk for obesity in childhood. The first study involved 1044 mother-child pairs. Women with adequate or excess GWG had an approximately four-fold greater risk of having a child with BMI above the 95th percentile compared to women whose GWG was under the levels suggested by IOM (23) . The second study examined 208 mother-child pairs in rural areas of upstate New York and found a significant interaction between maternal BMI before pregnancy, the GWG, and the weight of the child at the age of 3 years. Although no independent effect of GWG on offspring's weight in their overall multivariate model was found, they attributed this to their small sample size. The risks of childhood obesity based on GWG as well as the BMI before pregnancy were also determined (24) . Other studies have investigated the connection of GWG and obesity in older children/adolescents. Oken et al. (25) examined approximately 12 000 children aged 9-14 years and found that every 5-lb (2.268 kg) increase in the GWG was associated with 1.09 OR of obesity of the offspring. Compared with GWG in the IOM guidelines in 1990, an increase over the guidelines was associated with a 1.42 OR of developing obesity. Maternal BMI before pregnancy did not alter the relationship between childhood obesity and GWG.
The present study revealed that the median GWG was 13 kg and that, based on the 2009 IOM recommendations, 62.6% of the mothers gained adequate/normal weight during pregnancy, whereas 34.4% gained excess weight. Egan et al. (26) noted an excessive GWG in 59% of women, whereas Chung et al. (27) , Walsh et al. (28) and He et al. (29) reported an excessive GWG of 73%, 43% and 14%, respectively. The differences between populations may be a result of an under-reporting of GWG by some, or some populations may be properly informed and advised by their physicians and/or are more sensitive to weight gain for various reasons.
Besides the absolute GWG, the present study indicated that maternal excess GWG according to IOM recommendations was also related to an increased risk of having an offspring with higher weigh at birth and higher BMI at the age of 2 and 8 years. This is in accordance with the findings reported by the prospective national Norwegian Mother and Child Cohort Study (MoBa), which involved 56 101 pregnant women. This study reported that weight gain in excess of the IOM recommendations (e.g. GWG > IOM recommendations) among other variables (e.g. pregnancy hypertension, etc.) significantly increased the risk for a high birth weight infant (30) . Moreover, in the prospective study conducted by Alberico et al. (31) , which collected data on mode of delivery and maternal/ neonatal outcomes in eleven hospitals in Italy, the researchers reported that maternal obesity, excess GWG and diabetes should be considered as independent risk factors for newborn macrosomia. They reported significant ORs of developing offspring macrosomia for pregestational BMI overweight and obese mothers, as well as for GWG that is higher than IOM recommendations. Moreover, Walsh et al. (28) reported that women with an excessive weight gain during pregnancy had higher foetal weights and foetal adiposity, whereas infant birth weight and birth weight centiles were also higher in those who exceeded the guidelines.
The major strength of the present study is that it explored the potential association between GWG and the offspring's weight status at three different developmental stages (e.g. newborn, 2 and 8 years) and explored the consistency of this association across time (e.g. 1997-2007). However, the present study has several limitations. The information that was collected during the telephone interviews was self-reported and, although mothers could provide information based on health records for themselves and their children, this constitutes a study limitation. Moreover, in the current cohort, 17.3% of women were overweight/obese before their pregnancy, which is a relatively low prevalence in comparison to published reports for the corresponding population (32, 33) . This could be attributed to deliberate under-reporting, or recall bias for the self-reported prepregnancy anthropometric data (body weight and height) (34) . Similar observations have been reported previously in Greece by Manios et al. (35) in 2009 and it is a common limitation in similar studies (36) . Another limitation of the present study lies in the fact that data could not be collected for year 2002, which might have affected the analysis with respect to consistency across time. Moreover, the sample of mothers included in the present study did not show statistically significant levels of other risk factors related to intrauterine or foetal growth (i.e. gestational diabetes, increased blood pressure, etc.). Thus, the analysis concentrated only on the risks associated with GWG and maternal age at pregnancy. Finally, it should be noted that, although several characteristics related to pregnancy and gestational maternal habits were assessed (given that the main purpose of the present study was to explore the effect of gestational characteristics on childhood obesity), other factors that could affect offspring's weight status, such as offspring's lifestyle habits (dietary and physical activity habits) and general health status during infancy and childhood, were not evaluated and not included as confounding factors in our analyses.
Conclusions
The present study indicated that GWG was associated with the risk of obesity at various life stages of the offspring (e.g. newborn, infant at age 2 and child at age 8 years). Specifically, according to our results, when a mother gains excess weight during pregnancy, the risk that her offspring will be born with excess weight and be overweight or obese during childhood increases significantly. With respect to consistency over time, our results indicate that there are no changes in the effect of maternal age and GWG on the offspring's risk for becoming overweight or obese throughout the decade studied (1997-2007, except 2002) . Our study supports previous reports and confirms the detrimental role of excess weight gain during pregnancy on childhood obesity, as already addressed in the current IOM guidelines for weight gain during pregnancy. Under this scope, healthcare providers should continue to encourage and support women to start their pregnancy with a BMI in the normal weight category and limit their GWG to the range specified for their prepregnancy BMI.
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